Double-inverted-pendulum(DIP) has a nonlinear behavior, multivariable and unstable system. The inverted pendulum always moves in unpredicted manner. This represents a challenging task in the control field. The task is to stabilize the pendulum vertically upward on a freely movable platform which can move in two directions only(along the x-axis) when it is offset from zero stat. The aim is to specify the control technique that deliver better performance in terms of pendulum's angles and cart's location. The technique of a Linear-Quadratic-Regulator (LQR) to control the linearized system of DIP is introduced. Simulation studies accomplished in Matlab work space clarify that the LQR controller has the capability of controlling the multiple output DIP system. Also better performance results are obtained for controlling heavy driven part DIP system.
1.INTROUCTION
One of the important and well defined equipment in the control systems theory is an Inverted Pendulum System (IPS). For control engineers, a very good example is offered by the inverted pendulum to verify a modern control theory. It is an expensive and can be constructed and setup easily in laboratory for educational control objectives or research purposes. The IPS is a non-linear system and has already studied by other researchers where most of them have used the linearization theory in their controlling techniques. When the pendulums of the DIP system are located vertically with no motion and zero existing force, the system is said to be stable [1] .Generally, it is difficult to control such system by using traditional controlling methods, the main reason behind that is the problem of non-linearity and the two degree of freedom with only one control input associated with this system (the two degree deals with the pendulum's angles and the position of its cart) [2] .Inverted Pendulum is considered a very good model for the controlling of the attitude of space shuttles and satellites, automatic landing systems and also to stabilize cabins in the ships etc. The problem is to balance the pendulum (by choosing the appropriate poles values) on a movable platform which can move in only two (left or right)directions. There are many approaches (or alternatives) to solve the non-linear problem of time-variant system, such as real time computer simulation of these system equations or linearization. Although, this approach gives a relatively peter performance, but it also has some deficiency due to its high non-linearity and unstability open loop system. This causes the pendulum to slip over rapidly when the system model is simulated and the reason for that is the using of standard linear techniques to model the non-linear dynamic characteristic of the system [3] .A more popular controlling method is used such as the LQR control which needs a fine knowledge of the system and precise tuning to overcome the problem of the system and obtain better performance [4] . The authors in [5] have designed their LQR to control their DIP which has cart and driven part with mass=1.6 kg, they got settling time around 9s with peak amplitudes of 0.035rad and 0.075rad for 1  and 2  respectively. In this research, an LQR controller is designed modeled and simulated to estimate the parameters at which the regulator gives the best optimized performance for controlling DIP system with comparatively heavier (2.5kg) cart and driven part.
LITERATURE REVIEW AND RELATED WORK
Depending on its advanced features of controlling Multi-Input Multi-Output adaptive system, modern control is considered an excellent controlling scheme with respect to its counterpart traditional approach. A more popular controller emerged during the period of World War II called the linear-quadraticregulator (LQR) which was used in a host of control applications during the cold war [6] . In (1994), the California Institute of Technology has used the Lagrange approach in the process of the designing field of the LQR. In 2001, Zhong and Rock prove that the dynamic equations of the system describing the model of DIP can be derived by using free body diagram or just Lagrange method. The Lagrange procedure which is known as the difference between kinetic energy and potential ( = − p ) simplifies the mathematical derivation significantly [7] . In (2002), Zander describes procedure that can be applied to the inverted pendulum system, for determining the mechanical damping properties of linear system [8] . In (2004), Efonda has determined the mass center and moment of inertia of each modeled pendulum shafts by usingdesign drawings, components data and the parallel axis theorem [9] . The problem of optimal control of DIP on a cart is addressed in (2004) by minimizing the quadratic cost functional [10] . The LQR provides almost optimal control in the vicinage of the equilibrium, since non-linear and linearized DIP on a cart dynamics are close in the equilibrium. The author shows that the optimal neural network control can be used to correct the LQR-output when the linearization accuracy diminishes. The aim of the research in (2013) was to enable automatic model generation for inverted pendulum systems by designing a general procedure which determines the motion equations for a system with an arbitrary number of pendula [11] . Result in this research allows the engineer of control to obtain a more accurate, error-free mathematical model of the selected inverted pendulum system with linear and nonlinear control methods. The author in (2015) used the pole placement method to stabilize the inverted pendulum [12] , the paper focused on swinging the pendulum up to the unstable (vertically upright) equilibrium position and a variable state feedback controller is used for this purpose, its effectiveness is analyzed using Matlab-Simulink. In the pole assignment method all the closed loop poles are placed at desired locations, its results show that the proposed controller gave excellent performance and the system shows robustness and can overcome external disturbances on cart or pendulum rod. In (2016), the problem of balancing the inverted pendulum over a cart is one of the most classic control engineering problems and presented by [13] . In this research the highly unstable system is linearized around its equilibrium and two different methods are used to keep it in an upright position. The First was through LQR control and secondly using Lagrange functions. In (2017), the problem of stabilizing the double inverted pendulum on cart is modeled using energy approach and the values of different system parameters were extracted from the modeling part [14] . The parameters of the designed controller were computed using the Matlab-Simulink to predict the under control system behavior. The data acquisition is Performed while controller in action to enable system performance comparison (as well as minimizing error and optimizing the controller parameter) between prediction and simulation values.
Mathematical Modeling of DIP System
The model of DIP system is usually consisted of control part, motors, rails, transmission-belts, pulleys and electric measuring equipment. The control part consists of the cart, the lower and the upper pendulum bars. While the lower pendulum bar is joined to the cart through a hinge it is attached to the upper pendulum bar by a hinge as well. Cart can move freely(to the right or left) along the two parallel rails. Either of the pendulum bars can tilt to the right or left direction in the vertical or paper plane. The center of the rail is used by the cart as relative reference point [2] and the basic structure of the system is illustrated in Fig. 1 .
The used parameters in the process of establishing the mathematical model of DIP are as follows:
mo: Cart and driven part equivalent mass m1and m2 are the masses of the lower and upper pendulum barrespectively.
u:exist controlling force onthe cart.
L1&L2are the Lowerand upper pendulum lengths Ɍ:Displacement of the carthorizontally with respect to itscentrallocation.
Ɵ1&Ɵ2are the angles between the vertical directions and the instantaneous location of the pendulums axis. =0.25m, l 2 =0.25m, L 1 =0.5m, and J 1 =J 2 =0.006 kg m 2 , in equation (1) 
x  , x 5 = 2  ,x 6 = 5 2
x     , so the state of the space equation for aninverted pendulum is as follows: 
LQR CONTROLLERDESIGN
The designed LQR controller is presented here to control the considered system. This controller works on system with linearized model and figure 2 shows the full-state feedback controller with reference input for Double inverted pendulum. Assume that the state equations for a defined linear and timeinvariant system is [15] :
and the index function of the quadratic performance is given by:
When Ԛ= a positive semi definite matrix R is a positive definite matrix When the system is disturbed and offset for zero-state, the optimal feedback control law U(t)= -K.X(t),will make the system to comeback to more stable zero-state and allow J to have a small value, hence U(t) is considered Optimal Control. According to the optimal control theory, the optimal control law can be managed and allows equation (7) to be minimum and the least value is [5]:
can be fined by the following formula.
(t p is the solution for the Riccate differential equation. 
This equation is called Riccate-Matrix Algebraic equation. So, the state-feedback vector can be got:
This formula clarifies that the basic idea behind the optimal designing of the proposed controller is the selection of the convenient weighting (actuation and stabilization) matrices R and Q respectively, and based on this, the P in Riccate Matrix Algebraic equation can be calculate, then feedback gains(K) can be determined.
Fig. (2) Full-state feedback controller with reference input for DIP

SIMULATION RESULTS and ANALYSIS
The considered system and designed controller are modelled and simulated in MATLAB 7.1/Simulink program. The controller performance for step input response is obtained. Figure. 3illustrate the response instability of the considered system without the designed controller when input is a step function. It can be seen that the open loop system performance or responses are slow and hold steady at zero value for the first 19 seconds, and then they suddenly shrink toward infinity. The reason for that, the system has no memory about the signal behavior at its output. The open loop poles are shown in Table 1 . 
Figures4 and 5show the step response of the cart position and pendulum angles respectively by using proposed LQR controller.
Figure-4show the cart position step response with LQR control
Fig.(5)Illustrates the pendulum angles step response with LQR control
The figures show that the close loop system responses are faster and their performance parameters are summarized in the following tables. The reasons for that are the designed LQR controller and the closed loop feedback which always make a copy of the output signal to be available at system input, so that the system can respond fast and correct its behavior.
The LQR controller parameters are The time response specifications for the considered system under the designed controller areillustrated in the Tables 3,4 and 5. The obtained result shows the successful designing of the proposed controller and also gives better response and performance (peak amplitudes of 0.009 and 0.008Rad with settling time of 8.78s and 8.67s for Ɵ 1 & Ɵ 2 respectively) results in controlling the DIP system with cart and driven part of 2.5kg mass. In comparison with [5] where the cart and driven part have mass of 1.6kg, the results show, and almost for the same settling time, a reduction of 0.02Rad and 0.06Rad in the peak amplitude values for Ɵ 1 & Ɵ 2 respectively.
CONCLUSION
The considered LQR controller in this paper is successfully designed, modeled and simulated to stabilize the DIP system. According to the obtained results, it can be concluded that the controlling method has the ability to control the inverted pendulum angles (θ 1 & θ 2 ) and the position of the cart for the linearized system. Comparatively the acquired results of the simulation illustrate that the designed LQR controller has given best performance(% reduction of 57 and 79 in peak amplitude for Ɵ 1 & Ɵ 2 respectively with 56% increase in cart and driven part mass) results in controlling the heavy DIP system. The simulation process shows that the modeling is an efficient method to analyze and model nonlinear controlling system, where mathematical modeling unless approximated is difficult to be implemented. Also the simulation programs are very important for modeling future heavy load pendulum systems because it reveals the predictions about the unexpected system behavior.
